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£J (57) Abstract: The invention relates to a method and an apparatus for determining position of a mining machine as its wheels skid 
with respect to the underlying surface. In the method, at least one detector detecting the operation of transmission detects skidding 
of at least one wheel (2c) with respect to the underlying surface, whereupon determination of the position by means of the rotation 
of the wheels (2c) and the direction of travel is interrupted. The apparatus comprises at least one detector for detecting the operation 

^ of the transmission, the detector de-tecting the skidding of at least one wheel (2c) with respect to the underlying surface. 
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Method and apparatus for determining position of mining ma- 
chine 

[0001] The invention relates to a method for determining position of 
a mining machine during skidding of at least one of the machine's wheels with 
5 respect to the underlying surface, the method comprising determining the posi- 
tion of the mining machine during its normal movement by measuring the dis- 
tance the machine has moved in proportion to the rotation of the wheels and 
the direction in which the machine moves, further determining the position of 
the machine at suitable intervals over the route along which the machine is 

10 moving by determining profiles of wall surfaces surrounding the machine and 
by comparing the obtained wall surface profiles with wall profiles of corre- 
sponding points stored in a memory of control equipment of the mining ma- 
chine, and correcting, if required, the position data obtained from the rotary 
motion of the wheels and the directions of travel of the machine by using the 

15 position data obtained from the determination of the wall profiles. 

[0002] The invention further relates to an apparatus for implement- 
ing the method according to claim 1 , the apparatus comprising control means 
for controlling a mining machine, the control means including means for deter- 
mining the position of the mining machine by measuring the rotary motion of 

20 the wheels and the direction of travel of the machine, and measuring means 
for determining profiles of wall surfaces surrounding the route of the machine 
at least at predetermined intervals and for storing the profiles in a memory, and 
means for comparing the wall surface profiles measured during the movement 
of the machine with the wall surface profiles stored in the memory and for cor- 

25 recting the data on the position of the mining machine on the basis of the posi- 
tion data obtained from the comparison of the wall surface profiles. 

[0003] Processing of material and other mechanical operations re- 
lated to mining are being automated to a greater extent in order to minimize 
costs. As a result, e.g. loaders have been developed, which follow automati- 

30 cally given commands and travel along a specific route to fetch broken rock 
from one place and unload the rock from the bucket to another place. In the 
prior art arrangement, the loader moves automatically between the locations 
and also empties the load from the bucket automatically, but during loading a 
remote operator controls the filling of the bucket via a telecommunications net- 

35 work since fully automatic loading of the bucket with the prior art methods is 
not yet as efficient as manually controlled loading. When the loader moves, it 
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should follow the predetermined route rather closely in order to remain within 
the allowed driving area and to be able to carry out the required operations 
correctly. The prior art teaches arrangements, based on dead reckoning and 
modelling and observation of the environment, for controlling the movement 
5 and determining the position of the machine. 

[0004] The method of dead reckoning utilizes rotary movement of a 
component of the transmission equipment, typically the wheels, by measuring 
the distance travelled by the apparatus in proportion to the rotation of the 
wheels. The dead reckoning method also takes into account steering angles, 

10 i.e. either the steering angles of the turning wheels or the steering angle of the 
frame, so that the distance and direction of travel of the apparatus can also be 
calculated while the apparatus is turning. Although the obtained data is rather 
useful,, it does contain some errors, wherefore the position of the apparatus 
must be checked in some other manner at suitable intervals. For this purpose 

15 the prior art teaches an arrangement where the surfaces surrounding the route 
along which the apparatus is moving, i.e. the shapes of the surfaces and the 
distance thereof from the intended route, are determined and stored in a mem- 
ory by manually guiding the apparatus along a new route to be later driven 
automatically and by simultaneously determining the surfaces. The surface 

20 profile thus determined can be utilized in the determination of the exact posi- 
tion of the apparatus when it is moving automatically along the route. In this 
situation the actual calculation of the movement is based on the dead reckon- 
ing method in the prior art manners described above, which also includes ob- 
servation of the surfaces surrounding the apparatus. The profile data from the 

25 determination of the surfaces is compared to the profile data stored in the 
memory, whereupon the longitudinal and transverse position of the apparatus 
with respect to the desired route can be determined accurately. Consequently, 
the corrective movements required to guide the apparatus back to the desired 
route can be performed automatically and the deviating position data obtained 

30 by the dead reckoning method can be corrected. Repeating the aforemen- 
tioned measures at suitable, e.g. predetermined, intervals makes the loader 
move rather closely along a desired route. In addition to loaders, such an ar- 
rangement for guiding a machine along a specific route and for determining the 
position of the machine by means of the dead reckoning method and determi- 

35 nation of the profiles of the surrounding wall surfaces can be used in connec- 
tion with other mining machines, such as haulage vehicles, drilling appara- 
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tuses, etc. For example in the present application and the claims, a mining 
machine refers to all possible machines and vehicles moving in a mine. 

[0005] However, the aforementioned measuring method is not suffi- 
ciently accurate for loaders during loading, when the bucket is being filled with 
5 broken rock. To achieve maximum loading of the bucket, or a maximum trans- 
port capacity, it is not sufficient to merely drive the bucket into the pile of bro- 
ken rock but the bucket must be guided and turned in various ways. Since the 
bucket must also be pushed into the pile of broken rock at a high speed, the 
wheels of the loader tend to skid and the loader may also deviate from the 

10 usual direction of travel during the filling of the bucket. In such a situation, the 
dead reckoning method is subjected to errors, which cause problems in the 
automatic control of the apparatus. Furthermore, at the training stage the envi- 
ronment of the loading site and particularly the direction of the material to be 
loaded may not have been observed and stored in full in the memory, since 

15 these matters usually change as the loading proceeds. Correspondingly, prob- 
lems also occur in the determination of the position of other mining machines 
by means of the dead reckoning method when one or more of the vehicles' 
wheels skid with respect to the underlying surface, thus causing errors in the 
determination. 

20 [0006] An objective of the present invention is to provide a method 

and an apparatus enabling more accurate determination of the position of a 
mining machine as its wheels skid with respect to the surface. 

[0007] The method according to the invention is characterized by 
detecting, during movement of the mining machine, skidding of at least one 

25 wheel of the machine with respect to the underlying surface by at least one 
detector, such as a sensor, detecting the operation of the transmission of the 
mining machine, interrupting the determination of the position of the machine 
by means of the rotation of the wheels and the direction of travel of the ma- 
chine from the moment of detection of the skidding for the entire duration 

30 thereof, and determining the position of the machine solely by determining the 
profile of at least one wall surface surrounding the machine and by comparing 
the obtained wall surface profile to the stored profiles of the known wall sur- 
faces surrounding the machine. 

[0008] The apparatus according to the invention is characterized in 

35 that the apparatus comprises at least one detector, such as a sensor, detecting 
the operation of the transmission, the detector detecting skidding of at least 
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one wheel with respect to the underlying surface, and that the control means 
are arranged to interrupt the determination of the position of the machine by 
means of the rotary motion of the wheels and the direction of travel of the min- 
ing machine as soon as the detector detects the skidding, and correspondingly 
5 to determine the position of the machine solely by comparing the wall surface 
profiles obtained from the measuring means with the wall surface profiles 
stored in the memory. 

[0009] An essential idea of the invention is that predefined parame- 
ters are used to detect a state where at least one wheel of the mining machine 

10 starts skidding, whereupon the dead reckoning system based on the rotary 
movement of the transmission equipment is switched off. The parameters in- 
clude e.g. the speed of rotation of the engine, data about the selected gear of 
the gear system, and the distance travelled by the machine, determined from 
the transmission on the basis of the rotation of the wheels. For example when 

15 the lowest or the second lowest gear is being used and a torque converter of 
the transmission system is able to slide to a sufficient extent, measurement of 
the distance by means of the transmission sensor can be terminated and an- 
other measurement method can be introduced according to the invention. Ac- 
cording to another essential idea of the invention, determination of the position 

20 of the mining machine requires the shape, distance and direction of at least 
one wall surface surrounding the mining machine to be determined and com- 
pared to the known wall profiles stored in the memory, so that when the wheels 
stop skidding, the position of the mining machine with respect to the deter- 
mined environment will be accurately known. According to a preferred em- 

25 bodiment, the shape of the wall profile used in the determination of the position 
of the mining machine and the location of the wall profile with respect to the 
known position of the mining machine are determined and stored in the mem- 
ory after the machine has moved a predetermined distance forward or its turn- 
ing angle has changed to a degree equalling at least a predetermined angle. 

30 As a result, the wall profile thus stored becomes the new reference profile, 
wherefore the determination of the position carried out by means of the com- 
parison based on a principle of correlation will continuously provide as accu- 
rate results as possible. 

[0010] The invention provides the advantage that when the wheels 

35 of the mining machine start skidding, the distance the machine has travelled 
and the direction and position thereof can be determined rather accurately in 
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order to provide reliable automatic control of the machine during its return 
movement and a subsequent movement in the same direction. Another advan- 
tage that is evident particularly with loaders is that although transportation and 
unloading are preformed automatically, filling of the bucket is still remote- 
5 controlled manually, and the remote operator controlling the filling can thus 
concentrate solely on the filling. Furthermore, as soon as the filling of the 
bucket can be automated, the system will be ready for use and able to control 
the entire automatic operating cycle of a loader. 

[0011] The invention will be described below in more detail in con- 

10 nection with preferred embodiments and with reference to the accompanying 
drawings, in which 

Figure 1 shows a typical mining machine, in this case a loader, in 
normal run approaching a loading site, 

Figure 2 shows the loader during loading, and 

15 Figure 3 shows wall profiles measured in an actual measurement 

situation with respect to the position of the loader. 

[0012] Figure 1 shows a situation where a mining machine, in this 
case a loader 2, moving in a tunnel 1 approaches a loading site containing 
broken rock. The tunnel 1 is provided with lateral wall surfaces 1a and 1b. The 

20 loader 2 is typically of the frame-steered type and comprises a front frame 2a 
and a rear frame 2b, a pivoting joint between the frames, and wheels 2c fixed 
to each frame in a non-rotating manner. The loader is controlled by pivoting the 
front and the rear frame 2a, 2b with respect to one another. The front frame 2a 
is provided with a bucket 2d, onto which broken rock is loaded for transporta- 

25 tion. 

[0013] The top of the loader 2 is provided with measuring means 3, 
4 arranged suitably to inspect the surfaces surrounding the route along which 
the loader 2 is moving, e.g. in a tunnel such surfaces are typically the wall sur- 
faces 1a, 1b. The shape or profile and the distance of the surfaces from the 

30 loader 2 are determined as the loader moves along the route. The measuring 
means 3, 4 can be any devices transmitting and receiving radiation, such as 
laser scanners or the like, or video cameras. Data obtained by the measuring 
means is processed with suitable programs to constitute information on the 
wall surface. The figure further shows a loading site denoted by reference nu- 

35 meral 5 and containing broken rock 6 at the end thereof. 
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[0014] Measuring means 3 located on the front frame 2a of the 
loader are used e.g. to determine the wall surfaces 1 a, 1b in front of the loader, 
i.e. they scan the walls in front of them at an angle of about 180°, preferably 
slightly more than 180°, on both sides of the loader's route of travel. When the 
5 profile data scanned during the movement of the loader is compared to the 
profile data stored in the memory, it is easy to calculate the accurate position 
of the loader and to determine the corrective measures possibly required to 
guide the loader to the desired route, if it has deviated therefrom. Measuring 
means 4 in turn are located on the rear frame 2b of the loader. They are used 

10 to determine the wall surfaces located behind the loader and they are also 
needed during a loading situation to be described below, where the dead reck- 
oning method based on the rotary movement of the transmission equipment, 
such as the wheels, is not useful due to skidding of one or more wheels with 
respect to the underlying surface. Measuring means 4 scan the wall surfaces 

15 at an angle of about 180° on both sides of the loader, thus providing an image 
of the wall surfaces behind the loader. In practice, the measuring means 3, 4 
preferably measure the wall profile at an angle of more than 180°, so that the 
measurement areas partly overlap on each side and can thus be integrated in 
a more reliable manner. 

20 [0015] Measurement of the movement and position of the loader in 

normal run is carried out by means of data obtained from rotary motion that is 
proportional to the rotation of the wheels, the data indicating the average dis- 
tance the loader has moved. Sensors are thus used to measure e.g. the rotary 
movement of the axis of rotation of the wheels or the transmission axis, which 

25 is directly proportional to the distance the loader has moved during the rotation 
of the wheels. The steering angle between the front and the rear frame of the 
loader is also measured in order to calculate the distance the loader has trav- 
elled and its position in curved movements. Furthermore, in addition to or in- 
stead of the steering angle, determination of the direction can utilize a gyro- 

30 scope, which is known per se in such a case. The gyroscope provides the di- 
rection of the loader in proportion to a direction that is fixed with respect to the 
earth, and therefore the steering angle between the frames is not needed to 
detect the deviation angle or the direction of travel. These values can be used 
to determine rather accurately the position of the loader along a predetermined 

35 route programmed into the memory of the loader's control system. However, 
since this method is subject to errors for different reasons, the control system 
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of the loader is trained to know the route by first driving the loader along the 
future route under manual control. The profiles of the wall surfaces 1a, 1b 
along the route are simultaneously determined preferably at suitable intervals 
or over the entire route, if required, and they are stored in the memory as ref- 
5 erence values for automatic movement. When the loader 2 moves under 
automatic control of the control system, the distance it has travelled and the 
position thereof are determined by the aforementioned dead reckoning method 
by using the rotary movement of the wheels and the direction of travel and/or 
steering angles. Measuring means 3 simultaneously determine the wall surface 

10 profile on both sides of the loader in front of it. Measuring means 4 correspond- 
ingly measure the wall surface profile on both sides of the loader behind it. The 
control system compares the measured wall surface profiles to the profiles 
stored in the memory and corrects, if required, the position of the loader based 
on the dead reckoning method and guides the loader to the desired route to 

15 rectify the deviations from the position detected on the basis of the compari- 
son. 

[0016] Figure 2 shows a situation where the loader 2 has arrived at 
the loading site 5. In this situation the bucket 2d of the loader 2 is lowered for 
filling. This is presently performed manually through remote control, such that 

20 when the loader is approaching the loading site 5 it is transferred under the 
control of a remote operator via a telecommunications connection. In principle 
the loading could also be carried out fully automatically, but at the moment 
manual filling of the bucket is still more efficient than the various automatic fill- 
ing arrangements that have been experimented. At the start of the filling, the 

25 loader pushes the bucket 2d into the broken rock 6, whereupon at least one of 
the wheels 2c can skid at some point with respect to the underlying surface. 
When the sensors of the control equipment detect the skidding, the dead reck- 
oning method based on the rotation of the wheels is switched off and measur- 
ing means 4 determine the wall surfaces, i.e. the shape and distance of the 

30 walls that are visible at an angle of slightly more than 1 80° behind the loader 2, 
whereafter these variables are stored in the memory. In practice the measuring 
means 4 at the loader's rear end start determining the wall surfaces already 
before the skidding of the wheels is detected, so that reliable detection of the 
position is available and after the skidding has started, the position of the 

35 loader can be checked according to the aforementioned measured profile. 
While the bucket is being filled, the deviation angle of the loader can be de- 
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tected e.g. by means of a separate gyroscope located in the loader. The 
method further takes into account the steering angle, i.e. the steering angle of 
the centre joint of the loader, which is used to determine the position of the 
loader's front and rear parts. The deviation angle can also be calculated by 
5 taking into account the wall surfaces determined by the measuring means 4, 
since a change in profiles of successive measured wall surfaces also indicates 
possible turning of the rear 2b of the loader. In this manner the position of the 
loader during loading can be determined rather accurately. Measuring means 3 
located at the front of the loader can be simultaneously used to measure the 

10 profiles of the wall surfaces in front of the loader, the profiles also being stored 
in the memory. When the geometry and the position of the loader are known 
along with the steering angle between the front and the rear frame, surface 
features of an unidentified area that will possibly be part of the loader's future 
route can be stored and used as reference profiles. 

15 [0017] During determination of the position, changes naturally occur 

as the loader moves forward and/or turns to ensure proper filling of the bucket. 
In such a case, reliable determination of the position preferably requires that 
the reference surface in use be changed after the loader has travelled a prede- 
termined distance forward or turned a predetermined degree with respect to 

20 the original reference surface. This is carried out by measuring the known wall 
surface profile used as the reference surface with respect to the current posi- 
tion of the loader and by using the obtained measured profile as the reference 
surface of the loader until a need to determine a new reference surface arises. 

[0018] When the bucket is full of broken rock, the loader starts re- 

25 versing and the dead reckoning method based on the rotary movement of the 
wheels can simultaneously be activated to determine the position of the loader 
on the way back. Consequently, the measuring means 3, 4 are again used to 
determine the wall profiles of the side walls 1a, 1b and to provide necessary 
data for correcting the deviations in the position obtained by means of the 

30 dead reckoning method. 

[0019] Figure 3 shows a result obtained in an actual measurement 
situation, where the loader has moved 0.5 meters in direction A denoted in the 
figure with respect to the wall surface that is being measured, i.e. the reference 
surface. The profiles are superimposed and the loader is located at circle B, 

35 the figure thus showing how the profiles substantially correspond to one an- 
other in shape. Profile B 0 has been measured first and profile Bi has been 
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measured after the loader has moved 0.5 meters forward in the direction indi- 
cated by arrow A. 

[0020] The invention is described in the above specification and 
shown in the drawings only by way of an example and it is not restricted 
5 thereto in any way. Therefore, instead of a loader the mining machine can be 
any load-carrying vehicle, such as a dumper or a drilling apparatus, which 
moves in a mine so that its position must be known accurately for the purpose 
of controlling and/or using the apparatus. The essential factor is that when the 
mining machine moves normally, its position along the route is measured pri- 

10 marily by using the dead reckoning method that is proportional to the rotation 
of the wheels and the steering angle or the direction of travel, but if even one 
of the machine's wheels starts skidding with respect to the surface, the position 
is determined by means of a wall profile measured behind the mining machine 
preferably for example at an angle of 180°, i.e. at an angle of > 90° on both 

15 sides of the longitudinal axis of the machine's rear part. Even though the speci- 
fication and the drawings show the use of two separate measuring means for 
determining the wall profiles in front of and behind the vehicle, it is also possi- 
ble to use more than two measuring means placed suitably to measure a spe- 
cific area around the vehicle, or only a single measuring means able to deter- 

20 mine the profiles of the wall surfaces surrounding the vehicle at an angle of for 
example 360°. 
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CLAIMS 

1. A method for determining position of a mining machine during 
skidding of at least one of the machine's wheels with respect to the underlying 
surface, the method comprising determining the position of the mining machine 
5 during its normal movement by measuring the distance the machine has 
moved in proportion to the rotation of the wheels and the direction in which the 
machine moves, further determining the position of the machine at suitable 
intervals over the route along which the machine is moving by determining pro- 
files of wall surfaces surrounding the machine and by comparing the obtained 

10 wall surface profiles with wall profiles of corresponding points stored in a 
memory of control equipment of the mining machine, and correcting, if re- 
quired, the position data obtained from the rotary motion of the wheels and the 
directions of travel of the machine by using the position data obtained from the 
determination of the wall profiles, characterized by detecting, during 

15 movement of the mining machine, skidding of at least one wheel of the ma- 
chine with respect to the underlying surface by at least one detector, such as a 
sensor, detecting the operation of the transmission of the mining machine, in- 
terrupting the determination of the position of the machine by means of the 
rotation of the wheels and the direction of travel of the machine from the mo- 

20 ment the skidding is detected for the entire duration of the skidding, and de- 
termining the position of the machine solely by determining the profile of at 
least one wall surface surrounding the machine and by comparing the obtained 
wall surface profile to the stored profiles of the known wall surfaces surround- 
ing the machine. 

25 2. A method according to claim ^characterized by measur- 

ing said wall surface profile before detecting the skidding of said at least one 
wheel with respect to the underlying surface. 

3. A method according to claim 1 or 2, c h a r a c t e r i z e d by in- 
terrupting the measurement of the position of the mining machine by means of 

30 the rotary motion of the wheels and the direction of travel substantially imme- 
diately after said wall surface profile has been measured and the position of 
the machine has been determined based on the measured profile. 

4. A method according to any one of the preceding claims, char- 
acterized in that the mining machine is a loader, and said wall surface 

35 profile is determined after the machine has arrived at the loading site and a 
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gear system of the machine's transmission equipment has been switched to a 
predetermined gear while the loader is moving straight forward. 

5. A method according to any one of the preceding claims, char- 
acterized in that after the position of the mining machine with respect to 

5 said wall profile has changed in a predefined manner, said wall profile with re- 
spect to the machine is redetermined at this point, and the wall profile thus de- 
termined becomes the new reference profile used for determination of the posi- 
tion. 

6. A method according to claim 5, characterized by using 
10 the new wall surface profile as the reference profile after the mining machine 

has moved a predefined distance in the direction of travel. 

7. A method according to claim 5 or 6, characterized by de- 
termining the new wall surface profile after the mining machine has turned a 
predetermined angle from the direction of measurement of the original wall 

15 profile. 

8. A method according to claim 7, characterized by measur- 
ing the turning angle of the mining machine with a gyroscope provided in the 
machine. 

9. A method according to any one of the preceding claims, c h a r - 
20 acterized by measuring the position of the mining machine by means of 

the rotary motion of the wheels and the direction of travel as soon as the ma- 
chine starts moving in the return direction. 

10. A method according to any one of the preceding claims, 
characterized by determining said wall surface profiles by a laser 

25 scanner. 

11. A method according to any one of the preceding claims, 
characterized by measuring said wall surface profiles by a video cam- 
era and a computer connected thereto. 

12. A method according to any one of the preceding claims, 
30 characterized by determining the position of a mining machine ar- 
ranged to move automatically along a predetermined route. 

13. A method according to any one of the preceding claims, 
characterized by storing the profiles of the wall surfaces surrounding 
the route of the mining machine by driving the machine manually through said 

35 route, storing the wall surface profiles determined during the drive in a mem- 
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ory t and by using the stored wall surface profiles as reference surfaces in de- 
termination of the position of the mining machine. 

14. An apparatus for implementing the method according to claim 1, 
the apparatus comprising control means for controlling a mining machine, the 

5 control means including means for determining the position of the mining ma- 
chine by measuring the rotary motion of the wheels and the direction of travel 
of the machine, and measuring means for determining profiles of wall surfaces 
surrounding the route of the machine at least at predetermined intervals and 
for storing the profiles in a memory, and means for comparing the wall surface 

10 profiles measured during the movement of the machine with the wall surface 
profiles stored in the memory and for correcting the data on the position of the 
mining machine on the basis of the position data obtained from the comparison 
of the wall surface profiles, characterized in that the apparatus com- 
prises at least one detector, such as a sensor, detecting the operation of the 

15 transmission, the detector detecting skidding of at least one wheel with respect 
to the underlying surface, and that the control means are arranged to interrupt 
the determination of the position of the machine by means of the rotary motion 
of the wheels and the direction of travel of the mining machine as soon as the 
detector detects the skidding, and correspondingly to determine the position of 

20 the machine solely by comparing the wall surface profiles obtained from the 
measuring means with the wall surface profiles stored in the memory. 

15. An apparatus according to claim 14, characterized in 
that it comprises a gyroscope provided in the mining machine for measuring 
the direction in which the machine is turning and for taking the measured direc- 

25 tion into account in determination of the position of the machine. 

16. An apparatus according to claim 14 or 15, characterized 
in that the control means are arranged to determine said wall surface profile 
with respect to the position of the mining machine by means of the measuring 
means after the machine has moved a predefined distance forward with re- 

30 spect to said wall surface and/or turned an angle equalling a predetermined 
angle from the original direction of travel, and to store the obtained wall surface 
profile as the new reference profile in the memory of the control means. 
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